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INTRODUCTION 
The earliest studies indicating the hypothalamus to be an area. of the 
brain stem which eucerts cantrol aver the autanomic nerrous system were nade 
by'van Roldtansky and were based on clinical observations of' patients with 
central nervous system lesions (1). The first physiologic experimentation 
on the hypothalamus was performed by" Karplus and Kreidl (2-7). Using bi-
polar and unipolar electrodes, these authors elicited and described the 
classic responses to hypothalamic electrical stimulation: dilation of the 
pupU, changes in heart rate, defecation, salivation, contraction of the 
bladder, and rises in arterial blood pressure. These responses persisted 
in the chronic decorticate anhal and were limited to the hypothal.amic 
portion of the diencephalon. 
The observatians recorded above have been repeatedly' verified and 
EDttended with progressive refinements in stimulatory and recording tech-
niques. Techniques of electrical stimulation led to definition of the 
inter-relationships of the hypothaJ..amw!l and the sympathetic nervous system. 
These studies were pioneered by' Beattie, Brow and Long (8,9), who concluded 
that the majority of the efferent fibres descend in the medial longitudinal 
fasciculus. This was modified by }fagoun and his associates (10,11) who 
stressed the diffuse connecting system in the lateral reticular fornation 
of the brain stem as the more important centrifugal pathway. 
Extensive lII\pping of the active areas of the hypothalamus by electrical 
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stimulation was carried out bY' Ranson and co-workers (12-16). These authors 
described pressor and depressor responses, heart rate changes, and other 
sympathetic and parasyl1Jp8.thetic manifestations. Hagoun verified the 
independence of hypothalamic descending pathways bY' demonstrating responses 
to electrioal stimulation of the hypothalamus in the ohronio decortioate 
preparation (17). 
In 1939, Ranson and Magoun S1.11l1nII.rized the physiologic d.ctivitY' of the 
hypothalamus as 1emonstrated bY' stimulation and ablation. They reviewed 
both the autonomic and non-autonomic activity (18). 
Until 1939, little attention was given to the control and recording of 
the electrical parameters of stimulation of nervous tissue. Experimental 
equipment did not permit precision because of the relative cruditY' of 
instruments in general use. The only' referenoe to parameters was usua1l.y a 
short statement of settings of the secondary coil of the inductorium, or 
some indication of the strength of the stimulus in relation to threshold 
values. 
Hare and Geohegan demonstrated the effeot of stinnllation frequency on 
the response to electrical stimulation of the hypothalamus (19). Constant 
voltage, low frequencY' (1-50 cycles per second) condenser discharges produced 
a fall in blood pressure, constriction of pupilS, and slowing of respiration. 
High frequencY' stimulation (50-1600 c;rcles per second) in the same area 
caused a rise in blood pressure, dilatation of the pupils, and an increase 
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in the rate and depth of respiration. A further increase in frequency 
beyond the optimum of 200 cycles per second produced diminution in response. 
These changes in response were not due to :f"aoilitation or fatigue because 
the series could be repeated 1mmediately' or after a half -hour rest and each 
frequency always elicited tts characteristic response. These authors, even 
though they investigated the frequency of hypothalamic stimulation in its 
relationsMp to response, did not make referenoe to actual voltages or 
pulse duration. 
3rank, Pitts and Larrabee, utilizing techniques of electrical stimula-
tion, performed an extensive study of the role of the hyPothalamu.s in the 
regul.a.tion of the ea.rdiovascular system (20). They did not record actual 
voltages used, or pulse durations, but made an attempt to quantitate the 
voltages applied by re:f"erring to relative increases up to 2.5 times the 
threshold voltage. Using condenser discharges for st1mula.tion, and by 
recording activity in the "cardiac nerve" as well. as blood pressure, they 
were able to correlate the frequency of discharge in the nerve with changes 
in blood pressure when the hypothalamus was stilm.l1ated. .\ctivity in the 
cardiac nerve regularly varied with the stimulation of the bypothal.amus, and 
any prolonged responses were due to inertia in the effector orga:'ls, because 
response in the cardiac nerve ceased with term:1.natian or stimulation. 
These authors listed the :f"ollowing factors which control h.,vpoth'll.amic 
excitation and cardiovasctll3r response to electrical stimulations stimulus 
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intensity, plaoemmlt of electrodes, and stimulus freq.uency'. The;r were able to 
elicit changes in direction of blood pressure response by' varying the fre-
quency of stimulation. rhey related cessation of spontaneous activity in the 
cardiae nerve to the development of depressor responses. 
Strom reported that the frequency of stimulation elic1 ting reversal in 
response was related to the spontaneous vasomotor tone. The higher the tone, 
the higher vas the critical frequency in a range from 10 to 100 cycles per 
second. (21). 
Cberholzer has on t1cized the past tendency to ignore the parameters or 
stimulation (22). Pulse form and duration as well as frequency and intensity 
are the main factors which determine the results. cautious interpretation 
must be _de of all high intensity stimulation or stimulation With undefined 
currents as derived from induction coUs. 
Whereas little precise ini"ormation exists today' that would dictate the 
optilllal parameters for st1malation of the brain stem. and, in partiCular, the 
b1potha.J.sJDus, detaUed stud1es of parameters for stimulation of cortical 
areas subserr.tng autanOBd.c activity have been performed. Signif'ica:nt contri-
butions can be cited in reference to the par&1J8ter about which they' reterl 
lave forms Square, sine and rectified sine waves are of apprax::t.matelT 
equal effectiveness in eliciting autonomic responses. Exponent:t..a.J4r 
falling waves require twice the 'Voltage (23). Unidirectional or 
bipbasic pulses are of equal effectiveness, with neither producing 
histologic damage (24). 
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Pulse duratim: Long pulse durations are more effective than short 
durations in eliciting autonomic responses. Pulse durations of 
10 to 20 milliseconds have been used (25)" but a systematic studT of 
autonomic responses showed that maximum decrease in threshold occurs 
at a pulse duration of 0.1 to 0.5 nd)]iseconds and remains at that 
level beyond one m1llisecond (26). 
Fz:equ!ruV1 As in hypothaJandc stimulation, the cortical. response may 
vary with the frequency. Somatomotor" autonomic, ar eOllbinations of 
effects can be obtained by varying frequencies of stimulation (27). 
In general, later frequencies have elicited depressor responses (26). 
Vol:ta&e and intensity: Vasomotor thresholds occur below somtomotor 
thresholds (2$). There is a direct relationship between the intensity 
of stimul.s.tion and intensity ot eftect (28). 
stimulation time: The majority of published works reter to a 
stimulation time of 10-20 seconds. Prolongation of the stimulation 
be70rtd this time seem unnecessary (29). 
The usual range of para.meters reported in papers dealing with hypothal-
and.c stimulation are 1.5 to 4.0 volts, 0.1 to 5 m:Lllisecands duration, and 
75 to 200 cycles per second. It has not been C01llllG1'l practice to report the 
intensity of stimu.lation in milliamperes. Since there is a possibility of 
change in tissue impendance during the course of an experiment" moni tor1rlg 
the current would make the comparison of results easier (29). 
MATERIALS AND METHODS 
Twenty-one healthy cats were used in these e:x:per1ments. Nineteen 
aninals were anesthetized with alpba-chloralose (50-80 mg./Kg.), and two with 
Sernyl (3 mg./Kg.) supplemented by decamethonium. Four anhals under alpha-
chloralose were also given decamethoniUl!l. 
9P!rat1ve TeoPffi<lu:e 
After mid-ventral cervical incision, tracheal cannulation was perfarmed. 
The common carotid arteries and vagi were exposed. One carotid artery was 
catmulated with polyethylene tubing. Vagiseetion vas performed on all 
animals. 
The animals were mounted in a Johnson stereotaxic apparatus accordi.J'lg 
to the method of Horsley and Clarke (:~O). This permits rigid f1.x.at1on of 
the head and reference to three cranial planes I 
1) The mLdsagtttal zero plane, labelled LIO, 
2) The horizontal zero plane, ten millimeters dora1 to the 
inter-aural line labelled HrO, and 
3) The frontal zero plane J which is perpendicular to the other 
two planes and pasBes through the inter-auraJ. line, 
labelled A.P: o. 
These planes permit reproducible placement of electrodes within the 
neural structures of the hypothalamus of the eat (31). The coordinates are 
6 
7 
chosen in millimeters to the right or left, above or below, and caudal or 
rostral to these mutuall.y perpendicular planes. 
Small mid-dorsal burr-holes admitted electrodes which were placed accord-
ing to the following coordinates: A (anterior): 9 to 10 rom., 11 (left 
lateral) or RL (right lateral): 3 MIll., and H (horizontal): -4 to -S mm. 
These coordinates correspond to active areas in the postero-lateral 
hypothalamus desoribed by Manning and Peiss (32). 
RecorAAne Instruments !!:!!! Techni'lue 
In all. experiments carotid blood pressure and heart rate were recorded. 
Carotid blood pressure was obtained through a short 2D-gauge polyetJvlene 
cannula bridged with heparinized saline to a transducer coupled to a sanborn 
strain gauge amplifier model 140 B. The cardiotachometer signal was intro-
duced into a similar system. The amplified signals were led to Sanborn EKG 
optical galvanometers whose deflections were recorded on a photokymograph 
utilizing Kodak "Projection" type photographic paper. 
The :~en-wri ting system was used with six animals. This consisted of a 
statham P 23 AC pressure transd.ueer coupled to a Grass nodel ;; PIA. pre-
ant>l1fier, which in turn was coupled to a Grass model SA amplifier. The 
cardiotachometer signal was introduced into the driver amplifier of another 
channel. The pen-recordings were made on a Grass model S direct-wri ting 
oscillograph. 
The statham model P 23 D pressure transducer has a nominal pressure 
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range of zero to 750 mm. Hg. With one per cent accuracy. The natural fre-
quency is apprax:1Jateq 185 cycles per second when usillg a 2o-gauge by 5 
centimeter needle. The Sanbom ampll.:fier is a carrier wave instrument whose 
response is esaenti.al.l.y nat to 100 cycles per second. The Sanborn galvano-
meters respond to Within 90 per cent at 45 cycles per second. 
The statham model P 23 AC pressure transducer has a nominal pressure 
range of zero to 150 111m. Hg., with an apprc:rx:imate natural frequency of 39 
cycles per second. The Grass p~lif'ier is an accurate chopper modulated 
and demodulated, high gain, low noise, low frequency, direct current unit 
which bas a frequency response up to 40 cycles per second, dmm 10 per cent 
at 15 cycles per second, and 35 per cent at 40 cycles per second. The d:rift 
is lese than tbreemtcro-volte in random direction per hour. '!'he integrating 
cardiotachometer is triggered by the pr8S1IU1"6 pulse. '1'b.e signal is taken 
!'rom the output of the channel recording blood pressve. Its response is 
linear within a range of beart rates from 30 to 360 per minute. 
~fuen the photographic system. was being used, the blood pressure and 
heart rate were monitored continuoU8~ on a sanborn model 169 Viso-Scope 
which affords instantaneous display of cardiovascular phenomena on a cathode 
raY' tube screen. 
Electrical st1.1mil.1 were produced by 8Jl Americ8Jl I!.'lectronic8 Laboratories 
constant voltage stimulator model 104. This stimulator produces rectangular 
wave pulses with a riae and raU time of three micro-seconds. The longest 
stimul.1 haTe a nat top with less than one per cent drop when delivering 
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maJdmllm power of 25 watts (100 mUJ.ian;>eres at 250 volts). The stimulator 
permits up to an 85;6 duty cycle, which is the percent of each cycle occupied 
by the pulse. The stinruli were isolated by an American L1.ectronics Labora-
tories stimulus isolator Hodel 112 which is speoif'ical.1y rated for use with 
the model 1~ stimulator. The isolator does not affect the rise or faU times 
of the pulses or their shape. The isolator permits an output of 150 volts 
maximum. Sinoe the output voltage of the stimulus isolator is not prediot-
able and varies with the impedance of the tissues being stimulated, the 
voltage must be monitored to determine aotual voltage applied to the tissues. 
stimuli were delivered through either unipolar or bipolar electrodes. 
The unipolar electrodes were used in 13 anj mals and the bipolar eleotrodes 
were used in 8 ani"18.ls. The unipolar electrodes were made of 22-gauge 
nichrome wire insulated to Within one-half millimeter of the tip. The refer-
ence electrode was a remote ground of the animal. The concentrio bipolar 
electrodes were made of stainless steel wire inserted into 22-gauge hypodenrd.c 
needle tubing. The inner electrode was insulated to within one-half mtll1-
meter of its tip, and the entire outer electrode served as reference. The 
active electrode was always cathodal. 
The voltage and current were monitored on a Tektronix Dual-Beam 
oscilloscope type 502 for all experiments. The frequency response of this 
oscilloscope is sensitivity dependent and ranges from 100 kilocycles to one 
megacycle. The sweep rate can be varied from five seconds per centimeter to 
one micro-second per centimeter, is accurate to one per cent of full scale, 
--
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and can be magnified up to 20 times within three per cent accuracy. 
The dual-beam oscilloscope was calibrated for voltage and current 
measurements. The voltage measurements were obtained 1n parallel with the 
output of the stimulator, while the current readings were obtained by measur-
ing in parallel the voltage drop across a precision 100 ohm wire-wotmd 
resistor introduced in series with the output oircuit. The impedance of the 
oscUloocope introduced a one meg-obm parallel circuit Which in relation to 
the output circuit of 5-7000 ohms resistance produced negligible error in the 
measurements. 
In five experiments, photographs were taken directly from the dual-beam 
oscilloscope with a DuHont type 302 oscillograph camera adapted to either 
l:.:astman Kodak Tri-X Pall film or Polaroid ten-second. film, Which, after 
enlargement, permitted planigraphic measurement of the beam deflactions. 
Theae measurements were made with an A. ott Kempten Bayern type 31 planimeter. 
Applied voltage was read directly as the linear deflection of the voltage 
beam of the oscilloscope. The quantity of electricity nowing per un1 t pulae 
was deternrined by pJ.a.nimetry of the area subtended by the curve repr~entiDg 
C1.UTent now. This curve was traced on the OSCilloscopic scale, the abscissa 
of which was the time :factor (milliseconds) and the ordinate of which was the 
current sensitivity (mill:La.mpe:res per cen:i;imeter deflection). The quantity 
of electricity (micro-coulombs) represents the number of milliamperes flow-
ing :for a number of milliseconds. Correction was made for the oscilloscopic 
magnification and the photographic enlargement. 
The equations are: 
1) uQ - _ x msec x current area units x photo! 
M '""Ciil area tm'itS of one Cm2 
Where: 
uQ • m1cro-coulombs 
.. • milliamperes 
M • magnification 
mseo/em • sweep rate in milliseconds per centimeter 
area tUlits • arbitrary units on the planimeter scale 
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photo! • Photo factor, correction for the photographic enlargement 
2) Average currect - uQ x F 
average current • mioro-a.mperes 
F • frequency in eyeles per second. 
Method E! ~tat1cm 
A standard set of parameters of electrical stimulation was devised and 
applied to each animal in the series. These parameters eentered around 
recta.ngular wave electrical pulses the durations of which were 2.0 mseo., 
0.2 mseo., and. 0.02 meo. In one experiment a pulse duration of 5.0 msac. 
was uaed. Frequency ranges vere explored for eaoh of the pulse durations. 
At 2.0 maeo., the frequencies of stimulation were: 2, 5, 10, 20, 50, 100, 200 
and )00 oycles per second. The 0.2 meo. pulses were applied at 2, 5, 10, 20, 
50, 100, 200, 300, 500 and 1000 cycles per second. The stimulation at 0.02 
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mseo. was performed at 2,5, 10, 20, 50, 100, 200, 300, 500, 1000, 2CX>O and 
3000 cycles per second. The 5.0 msec. series was in the range of 2, 5, 10, 
20, 50, 100, 150 and 182 cycles per second. The frequency ranges were chosen 
to remain wi thin the duty cycle limits of the stimulator as mom tared on the 
oscUloscope. 
At the beginning of each series the animal was subjected to a short 
period of electrical stimulation at 100 cycles per second during which time 
the applied voltage was varied to a range which would produce an adequate 
but not maxJnal, response. That particular voltage was then used for the 
entire frequency series at that respective pulse duration. At the end of the 
series the 100 cycle per second stimulation was applied again and thft response 
interpreted to estimate the possibility of tissue damage or refractoriness 
to stimulation. 
In each a.nimal, electrode position was held constant throughout the 
serles, so that a full range was eacpJ.ored for any given tissue unit. 
Histologic ver1!ication of electrode patlnmys was not performed. The 
precise placement of the heads of medium-sized cats in an accurate instru-
ment, the careful orientation of. straight, accurately pOSitioned, freely 
lIIOV1ng electrodes I and the presence of a reliable physiologic indc, such 
as vasomotor response, demonstrate actual placement of the electrode 
tip (34). 
-RESULTS 
In all twenty-one animals it was possible to develop a cardiovascul.ar 
response to electrical stimulation of the p08tero-lateral hypotha1.a:tnus. The 
animals varied as to the strength of stimula.tion to which the;r would respond, 
as well as in their cardiovascul.ar response. Some animals responded with 
b~ter proportions of cardio-acceleratian in relation to the blood pressure 
changes than others. The blood pressure response was used as the index for 
adjustment of the stimulus, and the heart rate was examined as a cancamni tant 
and not a primary' factor 1nd1cating adequate stimnlation. The variation in 
type of anesthesia did not affect the results. 
Figures one through four demonstrate the relationship of the parameters 
of stimulation to the response recorded as per cent change of systolic blood 
pressure over the control values. The following in:formation is plotted for 
each of the four pulse durationsl 
A) Per cent change in syatolic blood pressure (solid line) 
'9'8. frequency. 
B) M1cro-coulombs per pulse (dashed line) at selected frequencies .. 
C) Average current in m:tcro-a.mperes (dotted line) at selected 
frequencies • 
As the animal is subjected to a range of increasing frequency of stimu-
lation, there is little response until a frequency of apprarlmtely 20 cycles 
per second is reached, at which time there is an abrupt rise in blood 
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pressure. The initial response is more often seen at lower frequencies when 
the longer pulse durations are used, and is often deJ.tqed to fit"ty" cycles 
per second. in the 0.02 mseo. series. The response increases to a 1J8ld.mum 
as the optimwrJ. frequency is approached, and then begins to fall off as the 
stimulation .frequency is further increased. Figure !ive is a o~lete graph 
of all experiments to show the relat1onstrl.p of the l.owest frequenay elie1ting 
it peak response to the duration of the st:t.mulating pulse in mUliseconds. 
The res;'onse plotted is blood pressure, but the results also hold true for 
the heart rate ohanges. At the 2.0 l'IIJec. duration, the peak response is 
more otten seen at lower frequencies and is not as sharply" defined as it is 
when the shorter durations are used. Both the 0.2 and the 0.02 msae. dura-
tions shew a sharp optimum. at 100 cy-eles per second, and inspection of the 
entire graph shon a shift to the right in the 10lfest frequency- which elioi ts 
a peak response as the pulse durations shorten. 
The decline in response with increasing frequencies of stimulation is 
dependent, in part, upon the pulse duration. At the 2.0 mseo. duration the 
response fell off So per oent or more frOl'l1 peak levels in 11 of 21 animls 
at or before 300 cycles per second. None of the responses at the 0.2 or 
0.02 _eo. durations had .fallen this far by 300 cyeles per second. In the 
0.2 11860. series, 17 of 19 animaJ.s maintained So per oent of maximum response 
untU the 1000 cycles per second st1mnlation, as did 14 of 16 in the 0.02 
mac. range. ,\"ith 0.02 maec. pulses, 10 of 16 a.:nimls maintained 50 per cent 
of JI'8Ximwrl response through 1500 oy-cles per second. The frequency" range at 
.... 
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0.2 msec. was not followed enough times beyond 1000 cycles per second to 
compare resul.ts with the 0.02 msec. range for prolongation of response to 
this frequency. The differences in the curves shown in figures one to four 
are considered in the "Discussion" section. 
l"1gures one through four also present data which indicate that the quan-
tity of electricity flowing through the tissues per individual pulse (micro-
coulombs) is indepE'tlldent of the frequency of stimulation. The number of 
micro-cruombs per pulse varies in each experiment because it depends upon 
the voltage" pulse dura.tion" and the resistance and capacitance characteris-
tics of the tissue being stimulated. Table One shows the variation of the 
micro-coul.Olllb values. The average current applied is the product of the 
micro-coul.ombs per pul.se times the frequency" and therefore is directly' 
proportional to the frequency. Table Two shows the average currents during 
stimula.tion in fi va experiments. 
'There is indication that the type of electrode has some effect on the 
values of the micro-eoulombs per pulse and the average current in micro-
amperes. At the same frequency and dura.tion in different ~ts" the 
nu.niber of miero-eotllolribs per pu1se, and the average current in m1cro-arnperes 
is higl$r for the unipolar than for the bipolar electrodes. 
In arry case" because of its dependence upon frequency" the average cur-
rent which elicits the first discernible response is one-tenth to one-fifth 
of that which regularly causes the peak response. ThiS" in turn, is one-
third to one-tenth of the average current flowing at the higher frequencies 
..... 
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of stilmllation when the response has declined 50 per cent from the peak 
values. There is an inverse relationship between the strength of the stimulus 
which produces an adequate response and. the duration of the electrica.J. pulses. 
The average voltages needed to obtain the 4l4equate but not max1.mal respCll8e 
in the 2l experiments weres ).0 v. at 2.0 meo.) 5.2 v. at 0.2 msec., and 
lh.) v. at 0.02 mac. durations. Table Three sllllllllll'i.zes the voltages used. 
in the experiments. 
Figure six is the plot of the per cent change in heart rate versus the 
frequency of stimulation in a single experiment. The curves are typical of 
the data obtained in all experiments and are of the same general shape as 
the blood pressure response curves. The abrupt rise, the peak response and 
the fall-ot£ occur at identical frequencies for both heart rate and blood 
pressure responses. 
Figures seven through ten demon8trate the changes in pulse pressure 
during variation of the frequency of stimul.at1on at 5.0, 2.0, 0.2 and 0.02 
msee. durations. In most ex:per1ments there is an increase of the pulse 
pressure as compared to control values when the optimum frequency of stimula-
tion is approached. When the frequency is further 1nc,reased, pUlse pressure 
diminishes as the f3.11-off in sy1Stolic blood pressure occurs. 
Depressor responses were obtained in ane eacper1ment. These occurred 
at 2, 5, 10 and 20 cycles per second stimulation a.t the 2.0 msac. duration, 
were absent at 0.2 meec., and were present at 2, 5, and 10 cycles per second 
at the 0.02 msec. stimulation. 
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Inability to obtain an increased response by restimulating at 100 cycles 
per second after performance of the frequency series was not a problem at the 
2.0 _eo. duration. However, 8 of 20 animals were unresponsive in varying 
degrees to the 100 cycles per second test stimulation at the 0.2 msec. 
duration, and 9 of 17 at the 0.02 msec. duration. 
Figure eleven deJJ1CJMtrates the wave forms of the stimuli applied to the 
animals. They are essentially rectangular pulses, except that there is an 
overshoot plainly visible in the pulse at the 0.02 meo. duration. This 
overshoot is also present at the other durations, but is not visible because 
of the less rapid sweep rates of the electron beam needed to demonstrate the 
longer pulses. The overshoot is an artifact in the circuitry because it is 
still present lIben identical stimulation parameters were applied to dry 
electrodes in air which were carrying no current. The artifact had the 
form of a condenser pulse nth a time constant of apprax:::l.nately 10 
mioro-seocmds. 
Tables Four and Five summarise the results of the entire researoh, and 
present the changes in blood pressure and heart rate for the individual. sets 
of parameters used. 
1.8 
DISCUSSION 
The parameters for electrical stimulation of the hypothalamus studied. in 
this research are the frequency of stimulation, duration of the applied stimu-
lus, and the voltage applied to the tissue. Current flow was monitored as a 
concommitant factor. The shape of the stimulus was held constant as a rec-
tangular pulse. This research demonstrates that the lagnitude of the 
cardiovasl lUar response to electrical stimulation is entirely' dependent upon 
the combination of the parameters used. 
stimulation of nervous tissue, if adequate for excitation, will elicit a 
response. In these experiments, the response studied was the change in blood 
pressure and heart rate when the stimulus was applied. Arr:r given response can 
be duplicated by judicious variation of the parameters of stimulation. Varia .. 
tion within the range of individual. parameters can, within limits, be compen-
sated by change in the other parameters. Typical.ly, a decrease in pulse 
duration, an increase in the frequena,r, and an increase in intensity will 
produce the same response as a stimulus of longer duration, lower frequency 
and weaker voltage. The vide range of parameters which will produce an 
adequate response does not :mean that !St set of parameters eliciting this 
response is suitable for a particular experiment. 
In any electrically axci table tissue, as the duration of' the applied 
stimulus is shortened, greater strength of stimulus is needed to effect 
excitation. This relationship is depicted as the strength-duration curve, and 
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is most orten applied to single tissue units. Although masses of tissue are 
excited simultaneously when stimulating hypothalamic tissue, this concept can 
be applied by analogy. In these ax:per1ments, the inter-relationship of the 
voltage and pulse duration was that with shortening of the pulse durations 
higher voltages were needed to reproduce a response. This is interpreted to 
mean that the durations or stimuli used were sufficiently short to fall on 
the strength-duration curve of the nervous tissue of the hypothalalnus. 
In each series of frequencies applied to the animals at axv given pulse 
duration, there was always a range which did not produce appreciable response. 
This range was typically wi thin the lowest frequencies used, and seldom 
exceeded. twenty cycles per second. Since the pulses used were _dequate to 
produce responses at higher frequencies I an explanation must be sought tor 
the lack of response. This phenomenon is not an inherent property of all 
central nervous S)'8tem units, for a one to one response can be demonstrated 
in the somato-motor cortex, a single stimulus to which will elicit a muscle 
twitch peripherally (26). 
Bronk and Pitts, in their st11tV' of the ex:citability cycle of the 
hypothal.amus-sympathetic neurone system have shown that somewhere in the 
efferent pathway of the sympathetic tracts from the hypothalamus there is a 
step-down in the number of impulses passed (35). There is appraxi.mately' a 
15 to 1 relationship between the electrical impulses applied to the 
hypothalamus and discharges recorded in the peripheral sympathetic system. 
Impulses were recorded in single tiber preparations of the inferior cardiac 
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nerve, and the relationahip held true within reasonable limits. The periphera 
fibers could not be driven faster than SO impulses per second. FolkOW' bas 
demanatrated that the m9Ximum physiologic discharge rate seldom exceeds 8 
peripheral 1mpulses per second, and that maximum motor response obtainable by 
a:rrr mea.na is produced by this relatively slow impulse rate (36). A.rry further 
increase is pbysiologically unimportant in eliciting greater magnitude of 
blood pressure response. 
The delay' in response to the twenty cycle per second range, and the 
lowest frequency eliciting maxi mum response (Figure ;;.) in each series are 
explainable by the evidence above. Since the tonic sympathetic discharge 
occurs at rates of 1 to 2 impulses per second (37), a change of central. 
stimulus to at least 20 to SO cycles per second is needed to alter the peri-
pheral. discharge when taking into account the 15 to 1 stepdown. L1kev.lse a 
central stimulus of lOS to 120 cycles per second will induce peripheral firing 
of 7 to 8 impulaea per second. A1rT further increase is superfiuOUJ! physic-
log1cal.ly and should not be de:monstrable by the gross techniques of blood 
pressure and heart rate recording. This research showed that the 100 cycle 
per second stimulus was regularly' the lowest frequency which elicited the 
maximal responae, as expected from what is stated above. ArI:r increase in 
response With higher frequencies of stimulation EY' be due to simple recruit-
ment of additional sympathetic neu:rones, or to a non-physiologic increase in 
peripheral impulses, and not necessarily to any alteration in the relation-
Ships described above. 
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When stimulating with the shorter durations, higher average frequencies 
were needed to produce the first maximal response. This is due to the greater 
difficulty in stimulating &nT given group of' neurones by the short pulses, and 
was overcome by applying higher frequencies when the strength of stimulus was 
held constant. 
The decline of' response as the frequency of' stimulation was increased 
beyond the optimal. range can be due to: 1) temporary or permanent tissue 
danage, 2) encroachment of' the stimnli on the relative or absolute refraetOl7 
periods of' the neurcmes, 3) changes of current now at higher frequencies, or 
4) depletion of the transmitters. 
Tissue d:!mYes Current pulses under 20 micro-couloDbs do not produce 
histo1ogieal.ly demonstrable tissue damage (38). In this research, the pulses 
did not exceed 2.65 micro-coulOll'ila when they were recorded, and moet often 
were leas than one micro-coulomb (Table One.). This minillises the possibility 
of p8rD1U1ent damge. Refractoriness to stimulation was occuiona.ll.y seen with 
high frequency stimulation at short duratiOJ18. This may have been due to 
local heating effect by these stimn11. Demonstration of the reversibilityof' 
the heating effect was not pursued by the experimental teclmique. 
Encroachment ~ the refraetoq periods I If stimuli are applied to 
nervous tissue at a rate whereby they are close enough in time to raU within 
the relative or absolute refractory periods of' the neurones, an increase in 
threshold, or complete refractoriness to stimulation will occur. There haTe 
been no direct measurements of the refraetor,r periods of the neurones of' the 
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hypothalamus. At 2.0 msec. and 200 cycles per second the interval between 
pulses is ).0 msec., and )00 cycles per second thE interval is 1.33 msec. 
'These pulse intervals correlate well with known refractory periods (9), and 
since there is a great diminution in response as the frequency is increased 
to )00 cycles per second, it can be suspected that the decline in response is 
due to the phenomenon considered here. This is further confirmed by the delay 
in decline of' response to higher frequencies when shorter durations were ued. 
At shorter durations there is available gr~ter pulse interval during which 
the neurones can recover excitability. Of' necessity, therefore, a higher 
frequency of stimulation must be introduced to shorten pulse intervals enough 
to reproduce the decline. Assuming an absolute refractory period of I.) maeo. 
encroached upon by stimuli of 300 cycles per second at 2.0 mac. duration, the 
same period would not be approached tmtil 500 to 1000 cycles per second at the 
0.2 and 0.02 mseo. Uurations and the ... )8ponse would be expected to persist to 
these frequenCies, which was what occurred. Since lI'BSBes rather than single 
neurones were stimulated, variation could be expected and was seen. Also, 
even though the highest frequenCies applied produced pulse intervals within 
the absolute refractory periods of the neurones some diminished neur::mal res-
ponse did occur and was man1f'est as persistence of blood pressure changes to 
frequencies above 1000 cycles per second in some animals. 
Changes ~ current !12! !! h*her f!:5uencies: Changes in tissue 
impedance, polarization of the electrodes, and greater spread of' current at 
higher frequencies will cause a change in the current per unit pulse being 
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applied to the tissue. It is theoretically possible to explain the changes 
in response at various frequencies on this basis. The current now was 
monitored in these eocperiments, and changes did not occur. 
Depletion .2!. transmitters : Transmitter depletion would be expected to 
manifest i tsel1' as a decline in response to continuous stimulation, or a 
gradual general loss of the effectiveness during repeated stimulation. These 
changes did not occur. 
Inconstancy of the proportion of blood pressure and heart rate changes in 
different animals can be explained by slight variation in relative pOSition 
of the electrodes. It has been Rhown that alight variation of the position of 
electrodes may produce various types of response (32). This occurrence did 
not materially affect the results of these experiments, which were primarily 
conoerned with eliciting a hypothalamic cardiovascular response, rather than 
particular qualitative aspects. 
The increase of the pulse pressure as the optimal parameters of stimula-
tion were approaohed could be due to 1) differential excitability of the areas 
of the hypothal8JllUS m.edia.ting the cardiovascular response, or 2) spread of 
current to areas mediating the augmentor response. This Bet of experiments 
was not designed to differentiate these possibilities. 
Depressor responses were seen in one experi.llent. FolkClll has demonstrated 
that a depressor area exists beneath the anterior commissure in the anterior 
hypothalaJ'I'fUB (40). This area responds to application of a freqllency series 
similarly to the arEWS investigated in this research, except that there is a 
---
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more marked response at lower frequenoies. Electrode position on the peri-
phery of active vasopressor areas may elioit depressor responses, espeoial.ly' 
at low frequenoies of stimulation (37). It is JlK)8t likely that in the one 
ex:per1ment the second po8sibili ty occurred. 'lhe responses were seen at low 
frequencies, reversing to pressor responses at 20 to 50 cycles per second. 
This research has demonstrated that the agnitude of the cardiovascular 
response to electrical stimulation of the hypothalamus is dependent upon the 
frequency of the stimulus and the development of sufficient current density 
to effect excitation. provided accommodation is superseded. Longer pulses 
permit stimulation with lesser current density even though grf'.ater total 
current now occurs. This phenomenon is intricately bound in the kinetics 
of the excitatory process. All pulse durations studied were capable of 
producing excitation. \tJith decreasing pulse duration, the quantity of elec-
tricity per pulse decreased markedly. A 10 to lQO-fold reduction in pulse 
duration required only a 2 to 5-fold increase in voltage to produce similar 
responses. It is clear that something more than pulse duration or total cur-
rent nON' is respor.sible for excitation. GUITent density is the concept more 
capable of a:plaining the excitatory process, and this becomes increasingly" 
critical as the durations shorten. It is not known how much of the electrical 
pulse is needed to produce excitation. It may be the entire pulse, or just 
the leading rise phase. It is most likely that some at present undefi.J'lable 
fraction of any' electrical pulse, regarcUess of' length, is the necessary' fac-
tor, and is dependent upon both cUXTent density and total current now. 
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'1.'he choice of r particular set of parameters for stimulation of the 
hypothala.muc is not one which of necessity permits least total cl'II-rent flow, 
for it l{(1S shown that e"'ven these pulses can cause refractor.....ness to stimula-
tion. j 'h6 choice of stimulus lies bet,~'0en 1ml€; pu~ses of moderate intensity 
which may produce tissue death, and ShOl--t pulses of high current density 
which are undesirable because they often cause refractoriness presumably 
through tissue heating. The frequency of st1nmJ..ation must be taken into 
account, and has been shown to be most effective for the least average current 
at 100 cycles per second. The 2.0 msec. pulse appears ideal in that it has a 
short enough duration to permit relatively little current flow, but rarely 
produces refractoriness nt voltages most often needed (2 to 5 v.). Thp. 2.0 
msec. pulse avoids the higher damaging current densities of the shorter 
pulses. ~.'hen using the 2.0 rosec. pulses at 100 cycles per second, variation 
of: the voltage of te stimulus will pl~oduce sufficient range in magnitude of 
response for arr:r exper1mEmtation. 
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coulombs per electrical pulse and average current. Graph corresponds to 
coding of ard1..nates. 
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08oilloseop1e tracmgs or current now (upper tracing) and applied 
TOltage (lonr tracing) at three pulse durations. 
TABLE I 
11icro-coulombs per pulse at 2.0 msec. duration 
Experiment. 'liP 8 WP14 1:1p 23 'rIP 25 
(tU15.polar ) ( unipolar ) (bipolar) (bipolar ) 
Frequency: 3.1 v. 2.0 v. 1.5 v. 2.0 v. 
2 0.82 
-
0.23 
5 0.81 0.20 
10 0.81 2.20 
--
20 0.83 1.90 0.23 0.21 
50 0.86 2.20 
-- -
100 0.95 2.30 0.24 0.27 
200 1.06 2.50 
300 1.13 2.50 0.23 0.37 
l1icro-ooulombs per pulse at 0.2 msec. duration 
Experiments WP8 l'iP 14 l,\TP 23 :'JP 25 
(unipolar ) (unipolar) (bipolar) (bipolar ) 
Frequency: 4.8 v. 3.0 v. 4.0 v. 3.3 v. 
2 0.26 
-
.080 
-
5 0.30 
- --
.070 
10 0.28 
- --
20 0.22 
-
.084 
$0 0.22 -.. 
-
.064 
100 0.17 0.47 .088 
-
200 0.18 0.50 .075 
.300 0.19 0.48 
500 0.20 0.51 .098 .071 
1000 0.28 
-
.100 
2000 
- -
.u5 .123 
37 
TABLE ! (continued) 38 
Micro-coulombs per pulse at 0.02 l1I8ec. duration 
Elcperiment I WP14 WP 23 WI' 25 
(unipolar) (bipolar) (bipolar) 
Frequency: 9.0 v. 6.4 v. 9.0 v. 
2 .031 
5 
-
.~7 
20 .031 
100 
-
.030 .047 
200 .018 
- -
500 .018 .031 .046 
1000 .018 
- -
2000 
3000 .017 .029 .040 
4000 .016 
- --
5000 .016 
-
l1icro-coulombs per pulse at 5.0 milliseconds duration 
E~eriment: ~1F 22 
Frequency: 
2 2.30 
5 2.47 
10 2.33 
20 2.28 
50 2.28 
100 2.24 
150 2.30 
182 2.65 
TABLE II 
-Average current in microamperes at 2.0 msee. duration 39 
Experiment t wp8 l.JP 14 WP 23 WP 25 
(unipolar) (unipolar) (bipolar) bipolar) 
Frequencyt 
2 1.6 
--
.46 
5 4.0 
--
.98 
10 8.0 22 
--
20 17 38 4.6 lh1 
50 43 110 
-- --
100 95 230 24 27 
200 212 500 
-
300 339 750 70 111 
L7'f1:rage ("!urrent in 11''.1 ,'roamperes at 0.2 !1fJOO. duration 
E.x:perirrtent: W?8 v!P 14 v-,rp 23 H? 25 
(unipola":') (unipolar ) (bipolar) (bipolar) 
Frequency: 
2 0.6 .16 
5 1.5 .35 
10 2.8 
--
20 4.4 1.7 
--
,0 11.0 
-
3.2 
100 17.0 47 8.7 
200 28.0 100 15 
300 h5.0 1411 
500 100.0 255 h8.8 35.6 
1000 2BO.O 
-
100 
2000 230 2h5 
TABLE 1! (continued) 
Average current in microamperes at 0.02 meec. duration 
F1xperiment: WP14 ,'iP 23 lfP 25 
(1mipolar) (bipolar) (bipol~r ) 
Frequency: 
2 
--
.06 
5 
--
.23 
20 
-
.63 
100 
-
3.0 4.7 
200 3.6 
- --
500 9.0 15.6 23 
1000 18.0 
2000 
- - -
3000 51.0 87.3 117 
4000 66.0 
-
5000 82.5 
--
Average current in m1croa~es at 5.0 milliseconds duration 
Ex.per:l.ment t 
Frequency! 
2 
5 
10 
20 
50 
100 
150 
182 
VIP 22 
4.6 
12.4 
45.7 
114.2 
224.4 
344.8 
481.6 
40 
TABLE III 41 
-
Applied Voltage 
Experiment I 2.0 0.2 .02 
1 2.0 4.0 10.0 
3 1.4 3.0 16.0 
4 5.0 9.0 24.0 
5 5.0 10.0 
--
6 5.0 5.0 25.0 
7 5.0 10.0 30.0 
8 ).1 4.8 
-
11 3.0 7.5 
-
12 5.0 7.0 25.0 
13 2.5 6.0 23.0 
14 2.0 3.0 9.0 
15 6.5 8.0 17.0 
16 2.0 3.5 17.0 
17 2.5 3.5 14.0 
18 1.5 3.0 17.0 
19 3.0 5.0 18.0 
20 0.,5 1.0 10.0 
21 2.0 3.5 18.0 
22 2.0 4.0 9.0 (.5 .0 lll8ec.) 2.0 
23 1.5 4.0 6.4 
25 2.0 3.3 9.0 
Average 3.0 5.2 14.3 
TABLE IV 42 
-Per cent changes in a systolic blood pressure at 2.0 mseo. 
pulse durations and standard frequency aeries 
Experiment. WP-l WP-3 WP-4 WP-5 W'P-6 WP-7 WP-8 
Frequency 
100 
--
57 6h 74 50 
-
189 
2 
--
5 0 20 0 4 18 
5 16 7 2 12 4 0 24 
10 24 9 8 17 6 24 37 
20 32 10 23 12 16 45 54 
50 40 44 55 49 18 127 167 
100 60 37 66 93 23 l42 216 
200 51 12 47 97 15 161 241 
300 40 5 8 109 22 102 239 
100 
-
33 21 68 48 193 261 
Experiment. WP-ll WP-12 WP-13 \VP-14 WP-15 WP-16 
Frequency 
100 21 91 74 136 18 143 
2 0 5 10 1 -13 18 
5 0 5 9 0 -19 45 
10 0 8 10 18 -10 56 
20 12 21 12 42 -6 92 
50 22 50 54 80 21 150 
100 39 125 109 109 12 135 
200 30 105 64 55 44 112 
300 15 16 66 48 35 59 
100 29 80 18 136 61 154 
TABLE IV (oontinued) 43 
-Per oent ohanges in systolio blood. pressure at 2.0 mseo. 
pulse durations and standard frequency- series 
Experiment I \iP-11 t.JP-18 \iP-19 WP-20 WP-21 \'JP-22 
Frequenc;r 
100 39 223 151 26 11 66 
2 0 3 2 0 0 10 
5 8 55 1 3 0 20 
10 14 70 24 4 :3 2.3 
20 27 133 42 II 21 31 
50 35 277 69 28 44 57 
100 51 236 99 .32 43 58 
200 60 169 100 2.3 34 67 
300 31 85 44 13 19 51 
100 63 206 115 28 19 94 
EJtper1ment t WP-23 wp-25 
Frequency 
100 lh4 11 
2 9 0 
5 6 0 
10 1 3 
20 35 10 
50 59 12 
100 99 16 
200 37 31 
300 2 l2 
100 87 12 
h4 
TABLE IV (continued) 
-
Per cent changes in systolic blood 
pressure at 0.20 msec. pulse durations 
and standard frequency series 
Ex:pertmentl WP-l WP-3 \VP--4 ~vI'-5 t·JP-6 ~JP-7 'iJP-8 
Frequency 
100 
-
59 42 44 64 ll6 178 
2 
-
9 0 6 0 0 0 
5 3 8 0 12 5 0 0 
10 25 4 0 17 10 5 10 
20 33 9 8 19 14 18 85 
50 38 56 28 ,0 24 68 109 
100 82 64 47 56 58 151 141 
200 90 64 41 52 52 132 184 
300 97 84 51 47 81 86 193 
500 
-
45 49 53 64 108 126 
1000 
--
51 42 Lh 68 54 81 
2000 
- - - - - -
-
100 73 34 27 50 81 135 
TABLE .!! (continued) 
Per cent ohanges in systolio blood 
pressure at 0.20 meec. pulse durat101'l8 
and standard frequency series 
Ex:perimentl iVP-ll l,.TP-12 HP-13 WP-14 WP-15 v.fP .. 16 
Freq1l8llC7 
100 63 51 116 48 42 138 
2 0 8 41 2 9 8 
5 33 0 29 13 9 33 
10 15 6 20 12 1 51 
20 0 5 21 18 .30 92 
50 61 13 1<lJ. 55 49 131 
100 44 23 158 115 59 2~ 
200 56 2.3 152 121 62 180 
.300 59 25 90 90 65 148 
500 60 25 86 89 54 l42 
1000 68 25 19 6.3 49 154 
2000 
--
-
.33 23 68 
100 28 15 118 56 54 69 
46 
TABLE IV (oontinued) 
Per cent changes in systolic blood 
pressure at 0.20 msea. pulse duraticma 
and standard frequency series 
Ex:periaer1t I WP-17 1-l.P.1B VlP-19 WP-20 W'P-21 WP-22 WP-23 wp-25 
Frequenc)" 
100 72 168 65 34 33 54 108 19 
2 0 50 5 0 0 6 4 0 
5 0 69 15 0 0 9 0 0 
10 0 62 22 6 5 4 0 6 
20 17 93 lB 9 20 12 32 7 
50 46 159 12 23 29 17 63 11 
100 69 l36 51 31 42 32 115 14 
200 6h 139 60 28 33 39 108 14 
300 62 lkB 50 20 26 39 117 16 
500 55 145 61 19 27 26 101 14 
1000 46 63 36 15 20 19 95 15 
2000 
-- -
-- - -
13 39 15 
100 64 49 60 29 6 29 107 13 
47 
TABLE !! (continued) 
Per cent changes in systolic blood 
pressure at 0.02 m9eo. pt1l8e durations 
and standard frequency series 
Experiment. ~<JP-l WP-3 WP-L. -V'iP-6 lVP-7 WP-8 \V'P-12 
Frequency 
100 
-
107 77 74 129 118 56 
2 
-
12 0 3 0 5 8 
5 3 5 0 7 0 10 12 
10 23 10 3 6 0 .36 15 
20 37 19 12 10 24 13 7 
,0 42 85 38 44 78 101 45 
100 72 122 68 76 123 80 55 
200 85 
-
95 58 116 78 58 
300 87 130 76 88 94 78 53 
,00 
-
11, 62 74 59 72 ,8 
1000 
-
119 44 63 25 36 46 
2000 
-
,0 6 52 0 8 10 
3000 
- - - -
0 
100 
-
46 9 60 33 n 0 
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TABLE IV (continued) 
Per cent changes in systolic blood 
pressure at 0.02 JllBee. pulse durations 
and standard frequency series 
Experiment. WP-13 wp-lh wp-15 w"P-16 \'iP-17 rlP-1B WP-19 WP-20 
Frequenc;y 
100 68 41. 20 61 61 56 24 29 
2 0 2 -11 0 0 lh 2 0 
, 24 4 -11 17 9 lh 7 0 
10 0 6 
- 7 18 0 18 7 4 
20 34 ,7 14 22 12 38 1 10 
,0 31 81 20 61 46 47 6 20 
100 63 92 38 78 60 77 19 32 
200 67 90 40 91 51 52 21 28 
300 69 94 37 79 54 43 14 26 
,00 74 90 26 77 49 48 14 23 
1000 33 88 19 73 38 46 9 23 
2000 19 81 22 37 20 26 7 17 
3000 0 53 12 
-
35 11 8 13 
100 0 8, 29 84 13 0 16 31 
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TABLE IV (continued) 
-
Per cent changes in aystoJ.1c blood 
pressure at 0.02 _ac. pulse durations 
and standard frequency series 
Experiment s WP-22 r1F-23 WP-25 
Frequency 
100 2) 47 8 
2 
-
6 0 
5 
-
2 2 
10 7 0 4 
20 4 0 6 
50 9 14 8 
100 19 39 18 
200 25 31 16 
300 30 27 Vi 
500 24 27 14 
1000 18 19 10 
2000 14 J2 12 
,3000 15 12 13 
100 13 32 11 
TABLE V 50 
-
Per cent ohange in heart rate at 2.0 msec. pulse 
durations and standard frequency series 
Experiment: VJP-1 \tIP-3 WP-4 \tIP-5 WP-6 VIP-7 iVP-8 ~'V1'-11 
Frequency 
100 34 22 12 39 28 37 
2 1 0 1 3 0 0 2 
5 20 1 1 1 3 0 0 4 
10 32 4 6 1 3 6 0 10 
20 38 6 8 3 3 16 5 21 
50 44 33 19 7 19 42 17 38 
100 42 27 21 22 46 24 .34 
200 47 7 20 6 16 42 18 29 
300 37 4 57 10 26 30 18 23 
100 
-
21 98 
-
.34 39 25 36 
~eriment' wl'-13 \VP-14 vIP-15 ·~lP-16 1VP-18 
FrequenCT 
100 66 62 0 20 :>2 
2 
.34 8 0 9 7 
5 30 6 0 9 13 
10 35 16 -1 9 12 
20 43 44 1 14 26 
50 56 66 1 16 54 
100 73 67 0 19 53 
200 69 59 5 20 41 
,300 71 30 6 14 15 
100 65 73 9 20 56 
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TABLE V (continued) 
-
Per cent change in heart rate 
a.t 2.0 _ec. pulse durations and 
standard frequency series 
~eriments \VP-19 WP-20 WP-21 ~-JP-22 WP-23 irJP-25 
Frequency 
100 31 0 1 46 16 11 
2 7 0 0 9 1 0 
5 13 0 0 8 0 0 
10 17 0 0 11 0 0 
20 20 0 0 30 3 2 
50 26 0 1 47 15 3 
100 28 0 1 39 19 6 
200 29 0 1 35 13 7 
300 24 0 0 20 10 2 
100 30 2 0 38 5 3 
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TABLE ! (continued) 
Per cent change in heart rate 
at 0.20 mseo. pulse durations and 
standard frequency series 
Ex:per:l:ment I VIP-1 VIP-3 WP-4 i'lP-5 ~lP-6 WP-7 WP-8 WP-ll 
Frequency 
100 49 19 31 40 35 18 4h 
2 
-
1 2 4 2 0 0 3 
5 0 0 2 10 5 0 0 24 
10 23 2 2 9 5 0 0 20 
20 33 4 .5 9 11 4 46 21 
50 35 62 14 31 24 22 25 48 
100 45 53 19 39 38 31 3.3 41 
200 43 58 21 34 30 35 33 47 
3"00 45 42 23 33 28 26 33 40 
500 -- 35 18 29 39 32 25 42 
1000 
-
30 14 30 39 22 20 45 
2000 
- -
100 
-
52 14 26 33 27 25 33 
53 
TABLE! (continued) 
Per cent changes in heart rate 
at 0.20 msea. pulse durations and 
standard frequency series 
Ex:periment: WP-13 wp-14 ~-JP-15 \'JP-16 WP-18 
Frequency 
100 58 67 13 19 58 
2 30 6 .3 2 12 
5 36 8 2 8 13 
10 46 10 .3 9 15 
20 53 14 4 10 26 
50 67 61 24 16 42 
100 73 69 17 19 46 
200 68 70 19 20 48 
.300 70 65 46 19 45 
500 73 65 13 18 40 
1000 80 58 16 17 12 
2000 23 6 12 
-
100 71 58 25 14 6 
TABLE V (continued) 
Per cent changes in heart rate 
at 0.20 msec. pulse durations and 
standard frequency series 
~t: \iP-19 WP-20 WP-21 WP-22 WP-2.3 klP-25 
Freque:n.cy 
100 29 2 2 17 25 4 
2 5 0 0 1 1 0 
5 8 0 0 2 0 0 
10 9 0 1 2 0 0 
20 15 0 1 2 2 0 
50 24 2 2 7 14 1 
100 .30 0 0 14 21 2 
200 .33 2 0 14 17 .3 
300 50 0 0 11 17 2 
500 30 0 0 5 l4 2 
1000 29 0 0 5 22 3 
2000 
-
-- .3 7 2 
100 33 0 0 15 7 3 
TABLE V (continued.) 
-
Per cent changes in heart rate 
at 0.02 _80. pulse durations and 
standard frequency series 
Exper1mentc ViP-l WP-3 WP-4 WP-6 VIP-7 WP-8 -W"P-13 wp-14 wp-15 WP-16 
Frequency 
100 
-
52 23 1.8 35 27 54 48 12 14 
2 
-
1 0 3 0 0 20 0 -3 0 
5 0 0 0 3 0 0 25 6 3 4 
10 9 5 4 2 0 0 16 6 1 4 
20 )0 5 6 7 4 0 19 11 4 6 
50 4.1. 53 14 22 1.8 29 41 53 12 12 
100 44 54 19 28 27 29 49 61 13 14 
200 44 
--
21 24 29 36 48 61 12 16 
300 42 52 17 30 20 )6 68 62 11 15 
500 
-
52 14 .36 18 20 68 65 8 16 
1000 
-
48 14 33 6 20 .34 61 7 15 
1500 
-
41 6 33 3 7 - - -
2000 
-
31 2 30 0 8 14 52 5 12 
3000 l2 35 6 
100 34 4 35 4 31 0 67 18 17 
\;-l 
\~'l. 
TABLE Y. (continued) 
Per cent changes in heart rate 
at 0.02 mseo. pulse durations and 
standard frequency series 
Experiments WP-18 ';'[p-19 HP-20 WP-21 WP-22 WP-2.3 vlP-25 
FrequEUlC)'" 
100 20 22 0 0 .3 5 .3 
2 4 .3 0 0 0 0 
5 6 2 0 0 
-
0 0 
10 6 5 0 0 0 0 0 
20 14 8 0 0 2 0 1 
,0 21 20 0 1 4 0 1 
100 ~6 23 0 0 5 1 2 
200 21 21 0 0 9 1 2 
300 16 24 0 0 10 2 2 
500 14 19 0 0 1 1 2 
1000 12 8 0 0 8 1 2 
1500 
- - -- -
2000 6 5 0 0 6 0 1 
3000 4 1 0 0 4 0 1 
100 0 8 1 0 6 2 1 
SiJIotMARy 
I. Blood pressure" heart rate and CUITent flow were recorded during 
stan4ard.1sed electrical stimulation of the postero-lAteral hypo-
thalamus. 
II. Variation in the parameters or stimulation caused changes in the 
lIB&n1tude of the oart!iJovascular resp0D8e. 
III. Little response was noted until the :frequeney of stimulation ap-
proached 20 eyeles per second. The lCJWe8t frequeney elioi ting peak 
response 11'&8 regularq 100 qcles per secCIld, with sa. variation 
depending on the pulse duration used. High frequency stimlatian 
was 1nefficient, ami ecmaistfmtly elicited d~ m:lm shed responses. 
IV. Shorter pula. durations are leas e:rtioient for st1malation. The 0.2 
and 0.02 _ec. pulses required higher 'VOltages and higher f'requemeies 
to elioit adequate responses than did the 2.0 _ec. duration. 
V. Refraotoriness to st11lalation appears related to total ourrent now 
and current densitT. High voltage, low pulse duration, high 
frequency stimulation :mDI!Jt readily produced. ref'raatorinees. 
VI. Quantity of electricity per unit pulse did not change appreciably 
during variation or the frequency of sti.DW.ation. 
VII. This research bas demonstrated that a stimulus or 2.0 _eo. duraticm. 
100 cyoles per second, and an intensitY' of 2 to , volts is most 
reascmable for electrical stimnlation of the hypothalamus. 
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